Introduction
Cytotoxic peptides, also called natural antimicrobial peptides, play an essential role in the immune defence against infections and are present both in plants and insects, and also in superior vertebrates. Each species synthesizes different specific antimicrobial peptides. Both humans and mammals have a large number of antimicrobial peptides involved in nonspecific defence, due both to their microbicidal antibacterial, antifungal and antiviral effect, and to immune modulation [1] [2] .
Natural antimicrobial peptides generally have a small molecular weight, i.e. a relatively low number of amino acids, and they are the simplest cell defence mechanism, as they belong to the nonspecific immune system [2] [3]. Their structure is amphipathic and includes two areas, a hydrophilic and a hydrophobic one, placed on both sides of the peptide structure, and the net electric charge is highly positive [3] . The hydrophobic area may interact with the lipids in the microbial membrane, whereas the hydrophilic area interacts with the water or negatively charged structures in the target cell membrane. Nevertheless, normal cells have a cholesterol and neutral lipids rich plasma membrane so they usually remain unharmed [3] . The cationic and amphipathic structure allows the creation of strong electrostatic bonds with the bacteria or fungi cell membranes, or with the coat of certain enveloped viruses [1] [2] . Despite through research, the biochemical mechanisms that the cytotoxic peptide membrane insertion process relies on are not fully known. Therefore there is a need to find new therapeutic agents, considering the frequent resistance to many of the antibiotics currently used in therapy [4] [5] .
In addition to the antibacterial activity and immune response modulation activity of these peptides, recent research has shown that some of these cationic peptides have a considerable cytotoxic effect on cancer cells while leaving normal mammal cells unharmed [6] [7] . Most anticancer drugs available today perform tumour growth control only at concentrations that also influence healthy cells, thus leading to undesirable side effects. Hence, it is imperative to find new products with innovative action mechanisms, and one of the current research directions is the use of cytotoxic antimicrobial peptides [8] - [10] . Our study is thus aimed at analyzing the biological effects of some of these peptides, namely Cecropins A and B, on the MDA-MB231-breast adenocarcinoma-and M14K-human mesothelioma-tumour cell lines.
Cecropins A and B were first isolated in the hemolymph of the giant silk moth Hyalophora cecropia. Subsequently, these peptides were also found in mammals [1] [11] . Cecropin A (H 2 N-Lys-Trp-Lys-Leu-Phe-LysLys-Ile-Glu-Lys-Val-Gly-Gln-Asn-Ile-Arg-Asp-Gly-Ile-Ile-Lys-Ala-Gly-Pro-Ala-Val-Ala-Val-Val-Gly-Gln-Al a-Thr-Gln-Ile-Ala-Lys-COOH) and Cecropin B (H 2 N-Lys-Trp-Lys-Val-Phe-Lys-Lys-Ile-Glu-Lys-Met-Gly-ArgAsn-Ile-Arg-Asn-Gly-Ile-Val-Lys-Ala-Gly-Pro-Ala-Ile-Ala-Val-Leu-Gly-Glu-Ala-Lys-Ala-Leu-COOH) are the most studied antimicrobial peptides belonging to the Cecropin class, as their primary structure includes 34-39 amino acid residues. Both Cecropins have a α-helix-like structure. The NH 2 -terminal end is highly amphipathic, whereas the COOH-terminal end in the α-helix is hydrophobic [12] [13] . Due to their ability to form specific amphipathic α-helixes, Cecropins act on the non-polar lipid cell membranes and form transmembrane channels that allow free flow of electrolytes, metabolites and water through the phospholipid bilayers, thus leading to irreversible cytolysis and finally to cell death [14] - [16] . In addition to their well-known antimicrobial properties, recent studies have proven the specific antitumor effect of both Cecropin A and Cecropin B on mammal leukaemia, lymphoma and hepatocellular carcinoma cell lines, as well as on other types of tumour cell lines [11] [12] [17] .
Therefore, their amino acid composition, amphipathicity, cationic charge and size allow cytotoxic peptides to bind to and penetrate the phospholipid bilayer of the cell membrane, thus forming transmembrane pores, which will alter cell membrane permeability and cause that cell to evolve to apoptosis [15] [18] . Considering all these aspects, our experimental research was aimed at checking the assumption according to which the cytotoxic peptides such as Cecropins A and B have a tumoricidal potential with variable intensity that depends both on the nature of the peptide employed and on its concentration in the living environment of the cells, as well as on the type of cell line chosen for the in vitro experimental study [19] [20].
Materials and Methods

Peptides, Cell Lines and Cell Cultures
Cecropins A,B, ≥97% (HPLC), 0,1%TFA in H 2 O, Antibiotic peptides from SIGMA product number C6830-1MG lot no 061M4820V for Cecropin A and number C1796-1MG lot no 129K4833 for Cecropin B. Ce-cropins are positively charged and amphiphatic. Thought to preferentially bind to anionic phospholipids abundant in bacterial membranes with the formation of dynamic peptide-lipid supramolecular pore and cell permeabilization. Binding to artificial neutral membranes has also been demonstrated.
The peptides under survey (Cecropin A and Cecropin B) were freeze-dried (Sigma) in a RPMI 1640 (Sigma Aldrich) solution (pH = 7.35), in a sterile environment. Consecutive peptide dilutions with RPMI 1640 (Sigma Aldrich) were used for the two peptides, whereas the working concentrations were: 120 µM, 60 µM, 30 µM, 15 µM, 7.5 µM, 3.5 µM, 1.8 µM, 0.9 µM in a final volume of 200 µL/well. An optimal and constant number of cells were necessary in each well (final volume of 200 µL) in order to accurately assess the cytotoxic potential because the variable parameter in our study was peptide concentration, for any given peptide and particular cell line. This number of cells was determined by prior research [19] , and it was 10 5 tumour cells/well. Cell cultures are processes by which cells are cultivated in controlled conditions. Cell lines may be grown in adherent or suspension cell cultures. The cytotoxicity of the peptides chosen for this study was assessed on two adherent tumour cell lines: MDA-MB231 (breast adenocarcinoma) and M14K (human mesothelioma).
Both cell lines were cultivated in a RPMI-1640 (Sigma Aldrich) medium with 10% SFV (Faetal Bovine Serum, GIBCO) [21] . Cell expansion was conducted in 250 mL flasks in order to get a sufficient number of cells (1 × 10 5 cells for M14K and MDA-MB-231). The mesothelial cells were detached by trypsination (3 minute incubation at 37˚C with Eurobio trypsin). We used only cells with a viability higher than 97%. The actual testing was performed in plates with 96 flat-bottomed wells each, using a final working volume of 200 µL per well. We worked in triplicate for each cell line and for each peptide concentration. The negative control was represented by target cells incubated without peptide. In order to prevent the edge effect and preserve humidity in the plate, only culture medium was pipetted in the edge columns and lines. Viability was analyzed after 72 h of incubation at 37˚C, 5% CO 2 , by two methods: MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] colorimetric assayand flow cytometry using PE Annexin V (BD Pharmingen) and 7-AAD (7-Aminoactinomycin D).
PE Annexin V (BD Pharmingen) and 7-AAD (7-Amino-Actinomycin D) (BD Pharmingen) Viability Assay
This assay was used to detect and measure the apoptotic process. Apoptosis is characterized by cell morphology changes, nuclear condensation, pyknosis, and also by a series of biochemical events causing mitochondrial membrane and nuclear DNA degradation. Phosphatidylserine, which is normally present in the inner layer of the cell membrane, is exposed at the surface of the cells undergoing various stages of apoptosis. Annexin V has great affinity to phosphatidylserine residue, and 7-AAD was used as vital nuclear DNA stain. 96 well cell culture plates were used in our study. The first (1) and last (12) column of wells only contained culture medium (RPMI 1640), in order to prevent the edge effect. Columns 2 and 11 of wells only contained peptide-free cell suspension (negative control). Columns 3 -10 contained target cells and consecutive dilutions of the 2 peptides. We worked in triplicate for the two cell lines and all the peptide concentrations we used. After 72 h of incubation at 37˚C, 5% CO 2 , adherent cells were detached by trypsination ( 
[3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide] MTT Viability Assay
The method is based on the ability of succinate dehydrogenase in living cell mitochondria to reduce soluble tetrazolium salts to insoluble red formazan [22] . In order to test viability by this method, the target cells were incubated at 37˚C, 5% CO 2 , for 72 h, then 20 μl of MTT (Sigma, 5 mg/mL) were added in each cell well and the incubation at 37˚C lasted 4 more hours. The medium was then removed and 100 μL of DMSO (dimethyl sulfoxide, Roth) were added. Absorbance was measured at 570 nm against a 620 nm reference wavelength using a Tecan Sunrise™ plate reader. Relying on the absorbance values read in the cells incubated with one of the peptides studied (A peptide cells ) and depending on the absorbance value read in peptide-free cells (A negative control ), we The absorbance values used to determine cytostasis were represented by the mean of the three readings for each peptide concentration and each cell line studied.
Results
One of the main objectives of our research was to assess the cytotoxic potential of Cecropins A and B on certain tumour cell lines, namely MDA-MB231 (breast adenocarcinoma) and M14K (mesothelioma). We also tried to establish whether the cytotoxicity of these peptides belonging to the Cecropin family is influenced by the peptide type or concentration in the cell culture medium or by the type of tumour cell line used.
As far as the MDA-MB231 cell line is concerned, the analysis of the experimental results determined by the MTT viability assay revealed a 32.9% cytostasis for Cecropin A and a 33.16% cytostasis for Cecropin B at a 120 µM peptide concentration, after 72 h of incubation with each of the two peptides ( Table 1) . These results showed that there were no significant differences between the two cecropins as concerns the cytotoxic potential at the same peptide concentration in the culture medium, for the same tumour cell line (MDA-MB231) ( Figure  2) .
Cytostasis occurred even at a 30 µM concentration for both peptides tested, yet it was absent at a 15 µM concentration ( Table 1) . Cytostasis exceeded 20% for both cecropins in the breast adenocarcinoma tumour line at a 60 µM peptide concentration in the culture medium, and it was insignificant at a 30 µM concentration.
The absorbance values used to calculate cytostasis were the means of the three readings for each peptide concentration and each cell line analyzed. Form a statistical viewpoint, there were no significant differences between the three readings of the absorbance values.
Flow cytometry allowed apoptosis assessment for the MDA-MB-231 cell line incubated for 72 h with one of the two peptides. This was achieved by the acquisition of 5000 events/well. The results were compared with the viability of the peptide-free cells (negative control-NC). The cell population distribution analysis revealed that after 72 hours of incubation with cytotoxic peptide more than 50% of the tumour cells were in the quadrant Q3 (living cells). This was significantly lower than the negative control, for which cell viability was 90.5% ( Figure  3, Table 2 ).
At a 120 μM concentration the tumour cells in the quadrant Q2 underwent apoptosis in a considerable percentage, namely 26.8% for Cecropin A (CA) and 28.3% for Ceropin B (CB). Consequently, when the same peptide concentration and tumour cell line were used, there were no statistically significant differences as concerns cell viability as compared to the negative control, which included only 3.6% late apoptosis cells (quadrant Q2) (Figure 4 , Table 2 ). The late apoptosis cell percentage dropped considerably with the halving of the peptide concentration in the cell culture environment. The results attained by this technique were also supported by the MTT assay. The M14K cell line is an adherent human mesothelioma cell line. Mesothelioma is a very aggressive malignant tumour, which occurs on surfaces covered with mesothelial cells, most commonly in pleural cavities, but also in the peritoneum, pericardium and soft paratesticular tissues. As its metastasis potential amounts to 75% of the patients and its response rate to various chemotherapeutic agents is below 20%, mesothelial cells are an adequate target for the assessment of new chemotherapeutic agents [23] [24] . Among the 3 histological subtypes of mesothelioma, our experiment used the M14K mesothelial epithelial cell line.
After 72 h of incubation of the M14K cell line, optical microscopy revealed that the mesothelioma cells underwent apoptosis as compared to the negative control (NC-M14K cells incubated without peptide) (Figure 5(a),  Figure 5(b) ).
The images of the optical microscope were also confirmed by the MTT viability assay. The absorbance values were read (we worked in triplicate), their mean was determined and the cytostasis for each cecropin concentration used for the M14K line cell incubation was calculated ( Table 3) .
The percentage of cells undergoing apoptosis in the presence of one of the two cecropins was smaller than that of the MDA-MB 231 cell line. Cytostasis was 26.3% when Cecropin A was used and 22.56% when Cecropin B was used, at a 120 μM peptide concentration in the cell culture medium ( Table 3 ). The cytostasis percentage dropped significantly with the decrease of the peptide concentration, and was absent at 15 μM concentrations ( Table 3) .
Another peptide cytotoxicity assessment technique was flow cytometry, which enabled us to assess cell apoptosis in the presence or absence of peptide at different peptide concentrations (Figure 6 ). The cell populations were divided in four quadrants, namely living cell population (Q3), early apoptosis cell population (Q4) late apoptosis cell population (Q2) and dead cell population (Q1) (Figure 6 ). According to this technique, the evolution of the M14K cells on their impact with the two types of cytotoxic peptides after 72 hours of incubation was significantly different from the evolution of the MDA-MB-231 cells (Figure 4, Figure 7) . The M14K line tumour cells proved more resistant to Cecropins A and B after 72 hours at a 120 μM concentration, since they were in the initial apoptosis stage (quadrant Q4), unlike the MDA-MB231 line cells which were already in a process of late apoptosis (quadrant Q2). On the other hand, the much lower M14K cell sensitivity to the action of these peptides is also supported by the fact that the cell percentage in quadrant Q4 did not exceed 20% (17.4% for Cecropin A and 18.3% for Cecropin B). The percentage of M14K line tumour cells in quadrant Q2 was below 10% on the average (6.6% for Cecropin A and 6.9 for Cecropin B) (Figure 7, Table 4) .
Cell viability was significantly high with the decrease of the culture medium peptide concentration (at 60μM). Cell apoptosis was insignificant at 30 μM and absent at 15 μM peptide concentrations ( Table 3) . The experimental results achieved by flow cytometry, which analyzed the apoptosis of the cells of the M14K line incubated with the studied peptides in different concentrations specified in the work plan, were supported by the MTT technique.
The two cell lines, namely MDA-MB-231 (breast adenocarcinoma) and M14K (human mesothelioma), behaved differently under the action of Cecropins A and B. The MDA-MB-231 line was more sensitive to their action than the M14K line. We may therefore argue that different types of tumour cells behave differently under the action of the same cytotoxic peptides at similar concentrations.
Discussion
The mechanism by which cytotoxic peptides are operational depends on a number of physical-chemical characteristics such as: primary sequence, secondary structure, net electric charge, amphipathicity, hydrophobicity as well as their concentration in the biomembrane and cell membrane composition [25] .
The currently accepted model, by which antimicrobial peptides prove their functionality, involves the existence of several consecutive stages such as: peptide association on the membrane surface, peptide gathering in secondary structures defined on the membrane surface, peptide insertion in the biomembranes and finally transmembrane pore formation [11] [15] [26] . The changes occurring in the cell membrane have major implications in infection progression as they play a key role in the cell's response to its environment [27] [28] .
The analysis of the interactions between cytotoxic peptides and lipid membranes may reveal both the conditions in which the membranes are sensitive to the action of these peptides, and the possible means of rendering their selectivity more efficient [29] - [34] . The determining factors are influenced, on one hand, by the characteristics of the biologic environment where these interactions occur and, on the other hand, by the characteristics of the membrane, i.e. the type of lipid molecules making up the membrane structure that directly influences the electric profile of the membrane, as well as its fluidity [35] - [39] . Understanding these factors is vital for research done on the synthesis of peptides with better selectivity and specificity [35] [37] [39] .
Two distinct types of ion channels formed by cytotoxic peptide aggregation have been described so far: classical pores, with an interior made only of the polar parts of the peptides, and toroidal pores, that also includes the polar ends of the lipids in the cell membrane [9] [36] [38] [39] . The progressive addition of new monomers (cytotoxic peptides) will broaden the pores and finally lead to the dispersion or infiltration of the content of a cell Table 4 . The percentages of living, apoptotic and dead mesotelioma cells were determined by flowcytometry, as shown in this table, where Q1 quadrant includes dead cells (7-AAD positive), Q2 quadrant contain late apoptotic (7-AAD positive, AnnexinV positive) and Q4 quadrant contain early apoptotic cells (AnnexinV positive, 7-AAD negative). Viable cells (7-AAD negative, AnnexinV negative) was enclosed in the Q3 quadrant. and hence to its death [9] [35]- [39] . By forming ion channels, these cytotoxic peptides can permeabilise the cell membrane, can induce K + and other cell components efflux and finally triggering apoptosis [29] [36]- [38] . Although the precise mechanism of antimicrobial peptide action is still controversial, specialists agree on one thing, namely that these peptides distort cell membranes selectively and that the structural amphipathic peptide layout is thought to play an important role in this mechanism [5] [7] [8] [15] . Thus, the biological effect of potentially cytotoxic natural peptides on tumour cells may be studied both on an animal experimental models and on tumour cell lines [2] [7] [8] .
Considering all these issues discussed by literature, our experimental research analyzed the assumption according to which cytotoxic peptides such as Cecropins A and B have a tumoricidal potential with variable intensity dependent on the nature of the peptide used and on its concentration in the cell living environment, as well as on the type of cell line chosen for the in vitro experimental study. In order to underline these phenomena, we reckoned that 10 5 cells/well in a final culture environment volume of 200 µL [19] would be the optimal cell concentration necessary to assess the cytotoxic potential of the peptides studied.
The objectives of our research were fulfilled by the assessment of the in vitro cytotoxic effect (with the aid of the MTT technique) using the cytostasis percentage in various types of cells (MDA-MB-231 and M14K cell lines). This cell viability monitoring technique in the presence of a supposedly toxic compound was confirmed by the flow cytometry technique using the 7AAD and PE Annexin V fluorochromes. This technique was also employed to determine the apoptosis stage of the tumour cells after 72 hours of incubation in the presence of a peptide. The results obtained were also compared with the negative control (tumour cells incubated in the absence of peptides).
Conclusions
The cytotoxic effect of the two peptides belonging to the Cecropin family depended on their concentration in the living environment of the tumour cells, being significant at 120 µM concentrations and persisting even at 60 µM concentrations. These tumoricidal effects were insignificant at 30 µM concentrations. According to literature, the cytotoxic potential depends on the type of peptide. The toxicity of the same concentration of the two cecropins was similar for the same tumour line. Another conclusion of this study would be that the tumoricidal effect also depends on the type of tumour cell line. The results revealed that the MDA-MB-231 line cells (breast adenocarcinoma) were much more sensitive to Cecropins A and B than the M14K tumour line cells (human mesothelioma).
The prospects brought about by this experimental research consist of the collection of in vitro experimental data on the tumoricidal potential of these natural cytotoxic peptides on tumour cells. This will enable specialists to develop future in vivo experimental models in order to test the antitumor effect of these cytotoxic peptides. The ultimate goal would be the discovery of agents with efficient antitumor properties, i.e. with maximum tumoricidal effect and minimum toxic side effects.
